
~ -
P4 - 10381 

0 HArPEBA~ YRbTPAXORO~HMX HEHTPOHOB 



~' i 

I 
~ '; 
I 

I 
''· 

__..L,. 

_ , .. ,·! .. ,t' 

P4 - 10381 

,ll".BJioXKHQeB, H.M.llJiaKK,na 

0 I-iArPEBA""" YJihTPAXOJIO,aHbiX HEtlTPOHOB 

~ ..... ,., .. ,,.-,. ·• .:;,---~--·-··:-~ 
• .111-nj/') .... •l ··' tll.a 1 .... , . - .. . ..~ .. . . I 

..,... • ' • • •• 1 J.' . ~;...,J 

6 .......... ; : ~ :' / ; .. ·-. ~ ~·"t ~ 
~------...,,,.,. _ 



I 

-•••••IIIIIIIUU -11111 IIIIUiliiMU li&JIIe P4 - JUJHJ 

0 HarpeBaHHH ynbTpaxonOllHhiX HeitTpOHOB 

MeroaoM KoppenHUHOHHhiX cjlyHKUHit BaH Xoaa pacc'IHTaHa aepOHTHOCTb 

HarpeaaHHH ynbTpaxonOllHhlX HeitTpOHOB npH KOrepeHTHOM H HeKorepeHTHOM 

HeynpyrOM pacCeHHHH, noKa38HO, 'ITO 9Ta BepOHTHOCTb Mana anH 'IHCThlX 

BeWeCTB ( ~ 10-S ) , HO 3Ha'IHT9nbHO yaenH'IHBaeTCH npH H8nH'IHH nerKHX. 

~DpHM9Ceit C 6onbWHM C9'19HH9M pacceHHHH ( BOllOpOll) B DOB9pXHOCTHOM 
cnoe noaywKH. 

Pa6ora BhmonHeHa B na6opaTOPHH TeopeTH'I9CKOit cllH3HKH OH.RH. 

r---1 

Coo611leHHe 06'1teJlHHeHHOro HHCTHTYT& HJleDHWX HCCneJ(OII&HHI. Jb6aa 1977 

Blokhintsev D.I., Plakida N.M. P4 - 10381 

On the Heating of Ultracold Neutrons 

A probability of ultracold neutron heating by coherent 
and incoherent inelastic scattering is calculated by Van 
Hove correlation functions method. The probability is 
low ( ~ 10~ ) for pure substances but is greatly 
inhanced if light impurities with large scattering ampli
tude (e.g., hydrogen):are presented in the surface 
layers of the substance. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 

C 1977 06-.eCJuHeHHWil UHc•u•y• .. c)epHwx uccAec)oeaHui1Jb6Ha 

B 3KcnepuMeHTax no y,nep>KaHHIO ynLTpaxono,nHLIX ueih
pouoa /YXH/ B JIOBYUIKaX 6LIJIO o6Hapy>KeHO, 'ITO K034Kl>H
UHeHT nornmueHHJI YXH cna6o JaBHCHT OT aemecTaa cTeHoK 
H TeMnepaTypLI H COCTaBJIJieT BeJIH'IHHY 71 -10-4 /CM., 
uanp., I 1-4/ /. B ue,naBHHX 3KcnepuMeHTax o6uapy>KHJIOCL, 
'ITO ocuoauaJI qacTL YXH, HC'IeJaiOIUHX HJ noayUIKH, Harpe
aaeTCJI .no TennoBLIX 3Hepru8 H BLIJieTaeT HJ nee. Bau.ny 
Toro, 'ITO 3TH 3KCnepHMeHTaJILHLie peJyJILTaTLI He COrJia· 
CYIOTCJI C TeopeTH'IeCKHMH OUeHKaMH /S, 61 KaK .llJlJI BeJIH• 
'IHHLI Ko3«W>uuuenTa nornomeuuJI 71. TaK u ero TeMnepa
Typuoa JaBHCHMOCTH, B HaCTOJill(eH pa6oTe npoae,neH CTpo· 
rHH pac'leT Ha OCHOBe MeTo,na KOppeJIJIUHOHHLIX ljlyHKUHH 
Ban- Xoaa ,nJIJI BOJMO>KHLIX ce'leHHH ueynpyroro pacceJIHHJI 
YXH B noaepxuocTHOM cnoe JIOBYUIKH. B uenoM peJyJILTa
TLI paC'IeTOB COrJiaCyiOTCJI C / 5, 6/ H fl03BOJIJIIOT YTBep>K· 
,naTL, 'ITO 'IHCTLie MaTepHaJILI, HCDOJILJyeMLie .llJlJI JIOBy· 
UieK, .llOJl>KHLI HMeTL BLICOKHH K03IjlljJHUHeHT OTpa>KeHHJI 
(Ti:S 10-5). OuenKa BJIHJIHHJI npuMecea ua nornomeuue YXH 
flOKaJLIBaeT, 'ITO TOJILKO npHMeCH C MaJIOH MaC COB H 60JIL • 
UIHM ce'leHHeM neKorepeHTHoro pacceJIHHJI MoryT .naaaTL 
JaMeTHLIB BKJia,n B uarpeaauue YXH. Pac'leT ,nJIJI npHMecu 
Bo,nopo,na npHBO.llHT K BLIBO.llY, 'ITO KOHUeHTpaUHJI ero 
nopJI,nKa 20~ a noaepxuocTHOM cnoe f 3q¢ - 50 X MO>KeT 
06'LJICHHTL Ha6JIIO,naeMLIB K03IjlljJHUHeHT nornomeHHJI. 

B nepaoM paJ,nene pa60TLI nony'leHLI o6mue ljlopMyJILI 
,nnJI ce'leHHJI ueynpyroro pacceJIHHJI YXH ua ljlououax pe
UieTKH, a ao BTopoii qacTH paccMoTpeua ponL npuMeceii a 
uarpeaauuu YXH. llpuae,neHLI TaK>Ke ouenKH .nnJI KBaJHyn
pyroro pacceJIHHJI, paccMoTpeuuoro naMH pauee/7( 
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1. Heynpyzoe pacceJIHUe YXH Ha (JoHoHax 

llpu Bbi'IHCneuuu ceqeuus Heynpyroro pacceJIHHJI HeiiT
pOHOB 6y,neM nOnL30BaTLCJI o6mHM MeTO,II;OM BpeMeHHbiX 
KoppensnuoHHbiX 41YHKnuii BaH-Xosa, cornacHo KoTopoMy 
BepOJITHOCTL pacceJIHHJI HeiiTpOHa B BemeCTBe MO:>KeT 6biTL 
JanucaHa B su.ne /eM., Hanp., /8//: 

3 d 3 , 2 oo d ·icu t (O) dP( ~ ~'),.. ..!:__p_ -"- f _t -e <V , )t)V ... ,, >, 
p,p (2TT)3 1t -oo 2TT'h jf p p /1/ 

r .ne 1'l p H tlj:t.: - HMnynLCbl na,na10mero H pacceJIHHoro HeiiT
poHa, t\cu .. 11 2 ( p' 2. p 2 ) I 2 m - 3Heprus pacceJIHHJI, 
L3 - V - HOpMupoBO'IHblii o6"LeM; MaTpH'IHblii lneMeHT 
B3aHMO,neiiCTBHJI HeiiTpOHa C BemeCTBOM B npu6nH:>KeHHH 
nces,nonoTeHnuana <l»epMH HMeeT su.n: 

v ~, ~ < t >,.. < 'I' ~, I v < r, t > I 'P ~ > ,.. 
p p p p 

2 ~ ~ 

,.. A ( p) 2TT'tt _1_ I b e -I Q Rn ( t) 

m L3 n n ' 
/2/ 

bn - npuse,neHHaJI .nnuHa pacceJIHHJI Ha s,npe c Koop,nuHa
Toii R (t). BonHosas «<IYHKnus YXH a semecTse lKcnoHeH-

n ~ 
nuanLHO 3a TyxaeT, H C y'leTOM rpaHH'IHbiX ycnOBHH Ha no-
BepXHOCTH nOBYWKH MO:>KeT 6biTL 3anHCaHa B BH,ne: 

-~ ~ 2 
1 -K z 

1Pit r II P .L 
IJI {1) "'-L--A(p)e e , A(p) • . --, /3/ 

p L3/2 p +lK 
.L 

r,ne K =v pJ -p! onpe,nenseT 34lcl>eKTHBHYIO rny6uHy npo
HHKHoBeHHJI f 3$$-1/2 K H p .L, p B /3/ - HOpManLHaJI H 
TaHreHnuanLHaJI cocTaBnJIIOlltHe HMJb.nLca YXH, p~""'4" bcn 0-
rpaHH'IHoe JHa'leHHe sonHosoro 'IHcna .nns nonHoro oTpa
)l(eHHJI, n0 .., N/ V - nnoTHOCTL semecTsa H be- xore
peHTHaJI .nnuHa pacceJIHHJI. B OTnH'IHe oT Tennosblx HeiiT
poHos, HMnynLc pacceJIHHJI a /2/ KoMnneKCHblii: 

Q~ it, ~ I , . R' ~ I 
• t' -p • p -lK, t' -p . 

+ II II /4/ 

4 

;,:.: 
:,\ . 
:.\·· 

B ,IJ;anLHeiiweM Hac 6y,neT HHTepecosaTL pacceJIHHe YXH 
C HarpesaHHeM, H n03TOMY paccMaTpHBaiOTCJI TOnL-

KO p ~ > p , KOr,na BOnHOBaJI 41YHKUHJI HeiiTpOHa HMeeT 
o6bi'IHblii s/J.n: 

IJI _(t) -
1 0 ~~ ~ 

-- e Ip r 

L3/2 
/5/ 

p 

Y'IHTbiBa.ll /1/ H /2/, ,nn.11 Ko34lcl>unueHTa pacce.IIHH.Il YXH 
a semecTse - sepoJITHOCTH pacce.IIHH.Il I 1/, OTHeceHHoii 
K e,IJ;HHH'IHOMY noToKy na,naiOmux Ha nosepxHOCTL L2 HeiiT
pOHOB J =L2 (1'1 p _j m){l/L3), nonyqaeM BLipa:>KeHHe: 

diL"" dP(Q,cu),..IA(p)i2!3P, 1\2 I b b ,x 
J m PJ. L nn' n n 

()() -+-+ ........ 
xf dt -icut -iQRn(t) iQ*R, 

--e <e n 
-oo 2TT e >, /6/ 

r.ne cyMMHposaHue nposo,IJ;HTC.Il no seeM Koop,nuHaTaM R , 
-+ n 
Rn, pacceusaiOmux .ll,D;ep semecTsa. 

PaccMoTpHM ,nanee o,IJ;uo41oHOHHoe Heynpyroe pacce.ll
uue YXH c nornmueHHeM 41oHoHa, Kor.na cooTBeTCTByiO-· 
lltYIO KOppen.IIUHOHHYIO 41YHKUHIO CMemeHHH a TOMOB U n (t) = 
= R ( t) - r B yJne peweTKH t MO:>KHO JanucaTL 

n n n 
B BH,IJ;e: 

-+ -> -+ 1'i 
<(Q·u (t))(Q*·u ,)>,.-I 

n n MN kj 

~ ~ 12 IQ·e, i 
X 

2cu k j 
-+ ~ ~ 

1 k < e _ e ,) 1 cu,. t 
x e n n n~ e l. /7/ 

kj 

,D;n.11 npocTOTbl paccMaTpusaeTC.Il npocTas peweTKa H3 aTo-
MOB MaCCLI M , HMeiOlltaJI j = 1, 2, 3 MO,IJ;bl KOne6aHHH C 

~ cul. /kT -1 
'laCTOTaMH cu k" H nonJipHJanueii e Jt j ; n ltj =( e J -1) 
cpe,nHee 'IHcn& 41oHOHOB. PaJnaras, KaK o6bi'IHO, 3KCno
HeHTY B /6/ B pJI,n no TennOBbiM CMemeHHJIM U n ( t) 
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~n' u npeue6peraB ~aKTopaMu ~e6aB-Bannepa, ~nB o~
HO~OHOHHoro ueynpyroro pacceBHHB c uarpeBauueM, no
nyqaeM: 

.... .... 2 

d 11 °L IA(p)l
2 fr 1i

2 
I IQeri I IS(Q-it)l~,.. o(w-w .... ). 

mpJ. MN kj 2w ,-+ kj kj 

kj /8/ 
. .... .... 2 

CyMMa no yJnaM peweTKH I S(Q-k) I co~ep)KHT KorepeuT-
HYIO H HeKorepeHTHYIO COCTaBRBIOJ.I.{He: 

IS(Q .... -k) 12 ""..1_ I b b -i(Q-"k>e: 
r--~ L2 nn' n n'e 

.... .... .... 
i (Q*- k )f

0
' 

e 

.... .... .... .... 2 ............ 
b

2 
-i(Q-1)f0 i(Q*-k)f , b. i(Q*-Q>fn 

.,_£.. I e e 0 +~~I e /9/ 
L2 nn' L2 n • 

2 2 2 
rne b z< b > , b. = < b > -(< b > ) - ycpe~HeHHLie IiO ...., c n Inc n n 

B~paM peweTKH KOrepeHTHaB H HeKorepeHTHaB ~RHHLI pac
ceBHHR. llpu Bhi'IHcneuuu cyMM B /9/ OT~enLHO Bhlnon
HHM CYMMHpoBaHue no yJnaM peweTKH rn II ' ne)Kall{HM B 
nnOCKOCTH, napannenLHOH noBepXHOCTH ROBYWKH, H npo
CYMMHpyeM JaTeM no 3THM nnOCKOCTBM e D.L o:dn Brny6L 
Bell{eCTBa, r~e ~nR y~o6cTBa BBO~HM d '"'L/N 1/3 - no
CTORHHyro peweTKH. B peJyRLTaTe TaKoro CYMMHPOBaHHR 
nonyqaeM: 

.... .... 
IS(Q-k)j 2 

.... .... 2 
b

2 
2/3Ll(Qil-k11) binc 1 /10/ 

c N ---L.L_ + -- ' ""d2 D( , k ) d 2 -2Kd 
K ,p .L- .L 1-e 

.... .... 

r~e A(QII -k II)- ':_HMBon KpoueKepa, onucLIBaroll{uii co
xpaueuue npo~onLHOH cocTaBnRroll{eu KBaJHHMnynLca npu 
KorepeHTHOM pacceRHHH: 

k-+ -+ -+ -K d , -2Kd 
II ""91 +2TTrll, a D(K,p_:-k.L),.1-2e cos(p.L -k)d+e 

6 

OnHChiBaeT RHWL npH6RH)KeHHOe COXpaHeHHe HOpMaRLHOH 
KOMnOHeHThl: o-l (K, p~ - k .~-) HMeeT MaKCHMYM npH k -1- = 
= p: + 2TT r4 , nocKonLKY K d::;; p 

0 
d « 1. BhlnonHBB Te!!epL 

CYMMHpOBaHHe B /8/ no KBaJHHMnynLCaM ~OHOHa ~< 11 H 
HHTerpupyB no k .L C yqeTOM 

1 1 , d dk .L 
-IF(k) ,.,f(p)-f----=z 
NI/a k.L .L D(K,p;-k) .L 2rr D(K,p'-k) 

-1- -1-

1 
'""F(p ~ )2Kd- /11/ 

~nB KOrepeHTHOH COCTaBnBIOJ.I.{eH pacceBHHB, nony'IHM: 

.... 2 

2 d3p' b!tt2I IQe]JJn .... _o(w-w .... _). 
d/lc"' I A(p)j -mp--:;:- 2Kd3 j 2MwQj Q l QJ /12/ 

HHTerpupyR no BCeM nMnynLcaM pacceRHHLIX ueiiTpoHoB 
d 3 p' , H Y'IHTLIBaR, 'ITO p2_s pg << p' 2 , H noJTOMY 
Q=JS'-JS,.,p' , w-fl(p'2-p2)/2m,.,fip'2/2m, ~nBHHTer-
panLHoro KoJ<lxtluuueHTa Heynpyroro pacceRHHR YXH, Kore
peHTHOH COCTaBRRIOIUeH, Haxo~HM Bhlpa)KeHHe: 

2 b2 00 , 2 
P .L ~ !I!. f dn, J P 'd(p > ~ 

llc""-;;- p2 M 0 l 
0 

x n 
p' i 

2 2m 
o(p' - ""i""" w ;, i ). /13/ 

3HaR ~OHOHHLIH cneKTp pacceHBaiOIUero BeiUeCTBa w t. , 
HaXO~HM noBepXHOCTL pacceRHHB wft· abk2 /2m, H JLI-
'IHCRBeM K03<1xtlHUHeHT Heynpyroro pacceRHHR /1 /13/. 
~nR OUeHKH paCCMOTPHM r~K peweTKY Me~H /9f, 'faCTO 
ucnonLJyeMoii ~nR noByweK YXH. B 3TOM cnyqae HMnynL
CLI pacceRHHR ne)KaT BO 2-il H 3-il JOHax .6punnyJHa, u 

7 
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ll03TOMY pacceJIHHe llpOHCXO,IJ;HT KaK Ha npO,!J;OnbHLIX, TaK H 
Ha nonepe'IHLIX li!oaoaax. llonarag .u;ng oueHKH 

... -+ 2 I ~lp'.e_.,_ I p'2 ""1, 
J p I 

npu KOMHaTHLix TeMnepaTypax .u;ng Ko34JiiJuuueaTa "norno
IUeaug" YXH, nony'IHM: 

K m -5 T°K 
"' ""' - fL "'b - I k . n ( w ) "" 2 • 10 ( ), 

c 2 p c c M j I ki 300 0 K 

+ /14/ 

r.u;e k 1 ... ...; 2m'~ ki /h"" (1,6;1,8;2,7),~ -I_ HMnynLCLI pacceRHHR 
u b 0 == 0,8.10 · 12

cM - KorepeHTHaR .u;nuaa pacceRHHR a 
Me.u;u. OueHKa /14/ noKaJLIBaeT, 'ITO "'c Ha nopR.u;oK 
MeHLWe aa6mo.u;aeMoro K03~HUHeHTa .,3 K9~ ""2,3 -10-4 /Ja 
Bbi'leToM ce'leHHR JaxaaTa "'a ""1,4-10-4 I I. 

HeKorepeHTHaR 'laCTb o.u;aoliJoaoaaoro pacceRHHR /8/, 
cornacao /10/, JanHCLIBaeTcR B au.u;e: 

b2 h2 
2 ~, inc 

dp.. -IA(p)l mp ~ 
InC ~ 

IQ 
... ,.. 2 

1 .e, . I 
--- I J o' MN ... 2 "it. \W-<U ... ). 

k j (J) ~ J kJ' 
ltj 

/15/ 

Bao.u;R cneKTpanLHyro nnoTHOCTb liJoHOHHLIX cocTORHHii 

1._ I 
3N kj 

wm 
-+ f g (C!J)dw 

0 /16/ 

-+-+ 2 2 H paccMa TPHBaR Ky6ifqecKyro peweTKy: I Q e k j I "" Q I 3 , 
c y'leToM ycnoBuii pacceHHHR: Q2 "" p ' 2 , w ""1'l p' 2/2 m, .u;n

11 
HHTerpanLaoro K03~HUHeHTa /15/, nonyqaeM BLipa~eaue: 

fL. 
InC 

(J) -

= 2p.a. ~inc 0 0 .!!!. Jm...; 1~!L g (w) 
K p2 M 0 

0 

n (w ) dw , 

8 

~ 
.ir i ' 

i 
I 
i 
~~~ ,., 
:'I I,} 

r.u;e o. ""4"b~nc - HeKorepeHTHoe ceqeaue pacceHHHH. 1nc 
,lJ,nH oueHKH KOJ~uuueaTa "nornmueaug" nepenuweM /16/ 
B BH,D;e: 

K "o m p '(T) 
, :-p. 2<0 -----

inc 2 p inc inc p M p ' 
~ 0 0 

/16a/ 

r.u;e p '(T) - xapaKTepHLIH HMnynLc pacceRHHH, onpe.u;enReMLiii 
cornaCHO /16/. B o6naCTH BLICOKHX TeMnepaTyp, kT-tiwm , 
j}' - 108 CM -I , H ,IJ;nR 'IHCTbiX Beii.{eCTB, HCITOnbJyeMLIX ,u;ng 
noByWeK, "'ine -(oinc/o0 )T/ 0 <<"lc• TaK KaKOinc<<oc·O,u;
HaKO HanH'IHe llpHMeceii B llOBepXHOCTHOM cnoe nOBYWKH 
r3<}><}> ... 1/2 K - 50 K c Manoii Maccoii, M- m , H 6onbWHM 
ce'leHHeM HeKorepeHTHoro pacceRHHR, oinc ~ oc , MO~eT 

npHBeCTH K JaMeTHOMy yaenH'IeHHIO T/ 
· inc 

2. Heynpyzoe pacceJIHue YXH Ha npuMecJJx 

PaCCMOTpHM CHaqana nerKyro, CHnbHO CBHJaHHYIO C 
peweTKOH llpHMeCb, Kor,u;a MO~HO C'IHTaTb; 'ITO ClleKT
panbHaR nnOTHOCTb ee Kone6aHHH HMeeT MaKCHMYM B6nH3H 
noKanLaoii qacToTLI w0 : g( w) "" o ( w :- w 0 ) . Tor .u;a .u;nR 
KOJ~HUHeHTa "nornoiUeHHR", cornacao /16/, nony'IHM: 

"1 . .,
0 
~ m -../2mw0 /'h 

I inc Po M. --p-- n(wo ),., 
I 0 

o. n .,;.-
""' -ill...L _i ~-~ 2mw 

4"b n M v---O...n 
c 0 i 1i 

(wo). /17/ 

HanpuMep, .u;nH npuMecu ao.u;opo.u;a a peweTKe Me,u;u npu JHa
'leHHRx nocTORHHLIX: o inc"" 80 -1o·24cM 2 , 417 b c"' 1o-11 eM, 

Mi =ffi , w 0 "'2"vm 
nonyqaeM oueaKy: 

12 -1 --- 8 -1 
, V m = 7.10 C H ..j 2mwofb"' 3, 8.10 CM , 

-3 n. 
T/."'3-10 - 1 n(w0 ). 

I "o /17a/ 

9 
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Cne,IJ,oaaTenbHo, npu TeMnepaType T=-'tH.u
0
/k"' 350°Knpu

MeCHbiH K03$ciJHIJ;HeHT nornow;eHHH "1 i MO)I(eT 6b1Tb CpaBHHM 
C "' "' 2,3 · 10-4 npH nnOTHOCTH BO,II,OpO,II,a B noaepXHOCT-3Kcn 
HOM cnoe n 

1 
In 

0 
=-0,15. 

B cnyqae npuMecu ao,II,opo,II,a noneJHO paccMoTpeTb H 
,II,pyroii npe,IJ,enbHbiH cnyqaii: cao6o,IJ,Hoii npuMecu a BH,IJ,e raJa 
C nnOTHOCTbiD ni' BBH.IJ.Y nerKOH nO,IJ,BH)I(HOCTH BO,II,OpO,IJ,a 
a aew:ecTae u onpe,II,eneuuoii "phlxnocTH" noaepxHOCTHoro 
cnoH. Mo,IJ,enb .IJ.BYXMepuoro raJa Bo,II,opo,IJ,a ua noaepXHOCTH 
6Lwa paccMoTpeHa HrHaTOBHI.feM u CaTapoBbiM. 

BoJapaw:aHCb K o6w:eii clJopMyne /6/ u paccMaTpuaaH 
-+ .... ... 

.IJ.BH)I(eHuer~~puMecu a "raJe" KnaccuqecKH R (t) =K (O)+vt, 
n n 

nonyl.fHM ,IJ,nH K03$clluu;ueHTa pacceHHHH Bbipa)l(eHue: 

2p b2 3 . . ... , ... 
-1. • d-n'"" dt ·H.t.J t -1p v t 

p.. =-- 1;c n. J~ J -
2 

e <e >, /18/ 
I K p I ffi_00 7T 

0 
r ,IJ,e npu cyMMHpoaauuu no Hal.fanbHbiM nono)l(eHHHM npuMe-
cu R (0) 6bino Yl.fTeHo cooTuoweHue I 4/: i Q-~. R -~. ( t ) -n n 

- i Q * R (0) "' K R (0) + i p, v t . 
-1. n -1. n .L -1. -1. 

BbinonHHH ycpe,IJ,ueuue B I 18/ c pacnpe,IJ,eneuueM MaKe senna 
no CKOpOCTHM npHMeCH V H HHTerpupyH no BpeMeHH, nony
l.fHM 06hii.fHYID clJopMyny ,IJ,nH pacceHHHH HeHTpOHOB B raJe 
/eM., uanp., 181 /: 

b2 d3, M· M.w2 
_ 

2P.L~ 0 J--p y---1 --eXp(- I >·/18a/ 11 
' -- K p 2 i m 2 11 k T p ' 2 2k T p ' 2 

0 

HHTerpupoaaHue no HMnynbcaM pacceHHHbiX ueiiTpoHoa a 
npu6nH)I(eHHH w "''b p' 2! 2m ,IJ,aeT K03$clluu;ueuT "nornow:e
HHH" YXH npu pacceHHHH ua "raJe" npuMeceii: 

K n 1 m 2 y2kTMi /b 
"',._p. •O --------

i 2p.L 1 inc p
0 

M i yrr p
0 

/19/ 

Cne,IJ,oaaTenbHO, ,IJ,nH "cao6o,IJ,Hoii" npuMecu BO,II,opo,IJ,a 
a peweTKe Me,IJ,u: o inc = 20 .10·24 CM 2, M .• m u J)7"' 
"'3,7.108 c,w-1 /npu T = 300°K/, nonyqaeM Ju;eHKy: 

.,., ,o,s.w·3 ~v~~T~ 
i "o 300oK /19a/ 

10 

3Ta ou;eHKa coana,IJ,aeT c /17a/ ,IJ,nH cunLHo CBHJaHHoii npu
Mecu no aenHI.fHHe, OTnuqaHCb nuwb 6onee cna6oii, KOpHe
aoii JaBHCHMOCTbiO OT TeMnepaTypbl. Cne,IJ,oaaTenbHO, npu 
KOMHaTHbiX TeMnepaTypax XapaKTep CBHJH npHMeCH He 
urpaeT cyw:ecTBeHHoii ponu H Ba)I(HO nHWb nonHoe l.fucno 
npHMeceii, B CBHJH C 3THM ,IJ,nH COnOCTaaneHHH nonyqeHHbiX 
ou;eHoK c 3KcnepuMeHTOM clJopMynbi I 17 I H I 19 I Y.II.06Heii 
npe,IJ,CTaBHTb B ,II,pyrOM BH,IJ,e: 

"1 ~· ""o . n II 2 n m p , (T) 
InC .L-n"" --

Mi p 0 ' /20/ 

r ,IJ,e n II,. N II I L 
2 

,.. 1 I d 1i - nnoTHOCTb npuMeceii a O.IJ.HOM 
cnoe, 'rl:apannenbHOM noaepxHOCTH noaywKu, a n-~. = 
= 1/2 p 0 d-~. "' f 3 4>4> 1 d .L - qucno npuMeCHbiX cnoea. 
Cpe,IJ,HHii HMnynbc pacceHHHH p '(T) onpe,IJ,enHeTcH cornac-
HO /17/ HnH /19/. IIOnbJYHCb Tenepb BbiWenpuae,IJ,eHHbiMH 
l.fHcneHHbiMH ou;eHKaMu a o6oux cnyqaHx npu T "" 300° K, 
nonyqaeM: 

71 "'(3 -:- 1,5). 10-20 n n 
., 1 II • 

-5 
,(6-:- 3).10 "• /20a/ 

2/3 15 -2 
npu "II"' n 0 "' 2.10 CM a cnyqae Me,IJ,H. Cne,IJ,oaa-
TenLHo, MO)I(HO CI.JHTaTb, I.JTO ,IJ,nH 06oHCHeHHH HarpeBaHHH 
YXH Ha npuMecHx BO,II,opo,IJ,a ,IJ,OcTaTOI.fHO /4-=-8/ cnoea 
BO,II,Opo,IJ,a B noaepXHOCTHOM cnoe nOBYWKH. 01.feBH,lJ,HO, I.JTO 
yaenuqeuue nnow:a,IJ,u peanLHoii noaepxHOCTH no cpaaHeHHIO 
c nnocKoii, L2 

, unu 3KBHBaneHTHoe yaenuqeuue nnoTHOCTH 
"II npHMeceii B O,IJ,HOM cnoe npHBe,IJ,eT K COOTBeTCTBYIDW:e
My YMeHLWeHHIO l.fHcna cnoea n .L • 

B JaKnwqeHue npuae,IJ,eM ou;eHKy ,IJ,nH ,II,pyrux BOJMO)I(HbiX 
MexaHHJMoa HarpeaaHHH YXH, paccMoTpeHHbiX HaMu pa
Hee171: MarHHTHOro H KBaJHynpyroro pacceHHHH. IIOCKOnb
Ky B 3THX npou;eccax Cel.feHHe pacceHHHH He JaBHCHT OT 
MaCChi pacceHBaiOII.{HX H,II,ep, OHH MoryT ,IJ,aBaTb JaMeTHbiH 
BKna,IJ, Ha clJoHe Heynpyroro H,II,ep~oro pacceHHHH, ecnu 
nocne,IJ,Hee no,IJ,aBnHeTcH 6onLwoii Maccoii H.IJ.ep: M >> m a 
/13/ HnH /16/ . 

llpH MarHHTHOM pacCeHHHH HeHTpOHa Ha HeCKOMneHCH-
POBaHHOM nonHOM MOMeHTe aTOMa 1 :2S + (' HHTerpanb-

11 
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Hoe ceqeHHe pacceRHHR, cornacHo ~opMynaM /9/ H /10/ 
H3 pa60TL/7: MO>KeT 6LITL 3aTIHCaHO B BH,JJ;e: 

a ,.4rr(r y)
2

p'(n_3-10"24J>'('T) /21/ 
m o p 0 P

0 

Cpe,JJ;HHH HMnynLc pacceRHHoro ·HenTpoHa PlJ1 3aBHCHT 
oT MO,JJ;enu pacceRHHR: npu KBa3HynpyroM - Ha penaKcu
PYIOI.l\eM MOMeHTe aTOMa j)"{T)/p 0 - 1, a npH HeynpyrOM 
pacceRHHH - C nornOI.l\eHHeM 3HeprHH ft w ,. f 

3HeprHH MynLTHnneTHOrO paCI.l\eTineHHR, ~/p O 

-- 2 "'y dE0·n(f),10 npu TeMnepaTypax kT> £, KOr,JJ;a qucno 
BOJ6y>K,JJ;~Hn n( c):;, 1. Cne,JJ;oBaTenLHo, Heynpyroe MarHHT
HOe pacceRHHe ,JJ;aeT 66nLWHH BKna,JJ; B K03clJ4>H~HeHT norno
l.l\eHHR YXH, 'leM KBaJuynpyroe H aenH'IHHa ero 

n pa n 5 n 
TJ "' a ~ = - 0-'!!..- -!!!.- 3-10-· 2!. /2la/ 

m m p 0 4 77 b n 0 no 
c 

MO>KeT 6LITL CpaBHHMa C HeynpyrHM R,ll;epHLIM pacceRHHeM 
npH ,li;OCTaTO'IHOH KOH~eHTpa~HH MarHHTHLIX TipHMeceu 

n m1 0 0 . 
KaaJuynpyroe JI,JJ;epHoe pacceRHHe YXH a noaywKe 

MO>KeT 6LITL o6ycnoaneHO Me,JJ;neHHLIM, penaKCa~HOHHLIM 
,JJ;BH>KeHHeM pacceuaaiOI.l\HX R,JJ;ep. B TBep,JJ;OM Tene 3TO pac
ceRHHe conpoao>K,JJ;aeTCR cTonL Manon nepe,JJ;a'leu 3Hepruu 
'ttw- E 0 - 10"7 :JB, 'ITO ,JJ;nR TennoBLIX HenTpoHoB oHo 

RBnReTCR ynpyrHM; Eo/ET - w-4 
' HO MO>KeT npHBO,li;HTL K 

HarpeaaHHIO YXH ,JJ;o 3Repruu E '> E 0, H BLIXO.llY ux HJ noayw-

Ku/10/. HHTerpanLHoe ce'leHHe KBaJHynpyroro R,JJ;epHoro 
pacceRHHR, cornacHo ~opMyne /14/ a/7/, o~eHHBaeTcs a 
BH,lle: 

a 
qel 

... 4rrb2 
inc 
~<L) 
2 Po qel 

-a. 
IDC ' 

TaK 'ITO ,JJ;n.H KoJcW>H~HeHTa "norno~eHHR" nonyqaeM: 

11 qel 
ni ==a __ ., 

qel Po 

12 

Po a joe 

4rr b c 
~ .. 1017 (1 ~-
n 

0 
inc n

0 

/22/ 

/22a/ 

Ero aenH'IHHa cpaBHHMa c HeKorepeHTHLIM HeynpyrHM 
pacceJIHHeM /16a/ npu (m/M)(p '(n/p

0
)-1, ecnH KoH~eHTpa

~HJI KBa3uynpyro pacceuaaJOI.l\HX JI,llep n ./ n
0 

- 1. KaK 
o6cy>K,llanocL a /7 l,nocne,llHee ycnoaue Mo~eT BblnonHRTLCR 
npH penaKca~HOHHOM ,llBH>KeHHH a TOMOB B aMop~HLIX Cpe,JJ;aX 
ana Ha noaepxHocTa noaywKH. B ~enoM >Ke KBaJuynpyrue 
npo~eCCbl pacceJIHHJI ,JJ;aiOT ManbiH BKna,JJ; B K03clJ4>H~HeHT 
"nornol.l\eHHJI" YXH. 

TaKHM o6paJoM, npoae,lleHHbiH B HaCTORI.l\ei pa6oTe 
aHanu3 Heynpyroro pacceJIHHJI YXH a noaepxHOCTHOM cnoe 
noaywKH noKa3LIBaeT, 'ITO HarpeaaHHe YXH npu KorepeHT
HOM H HeKore~eHTHOM, a TaK>Ke .KBa3HynpyroM pacCeRHHH 
Mano, 7] _$. 10· , H He MO>KeT 06'hJICHHTL ManbiX BpeMeH 
xpaHeHHJI ux, Ha6nJO,llaeMwx a 3KcnepuMeHTe. Hanaqae >Ke 
npuMecei c Manoi Maccoi H 6onLWHM ceqeHHeM HeKo
repeHTHoro pacceJIHHJI a noaepxHOCTHOM cnoe noaywKH 
npHBO.llHT K 3aMeTHOMy HarpeaaHHIO YXH: npu KOH~eHTpa
~HH BO,llOpO,lla DOpR,l\Ka 20~ K03cW>H~HeHT norno~eHHR ,llO• 
CTHraeT 3KcnepHMeHTanLHO Ha6nJO,llaeMoi aenH'IHHbl. Hc
cne,lloBaH&e TeMnepaTypHOH 3aBHCHMOCTH ero B 3KCDepu
MeHTe D03BOnHno 6bl O.KOH'IaTenLHO BbiJICHHTL DpHpO.zlY 
HarpeaaHHB YXH a noayw.Kax. 

ABTOpbl 6naro,llapHbl H.M.cl»paHKy, B.H.Jly~&Koay H 
B.K.fl'e.llJIHHHY 3a o6cy>K,lleHHB. 
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